Background-Nucleoside-nucleotide mixture has been shown to improve gut morphology and reduce the incidence of bacterial translocation in protein deficient mice.
Aims-To compare the reparative effect of nucleoside-nucleotide mixture and their individual components on maintenance of gut integrity and bacterial translocation based on their differential metabolism and utilisation. Methods-ICR (CD-1) mice were randomised into eight groups of 10 animals each and fed 20% casein diet (control), protein free diet, or protein free diet supplemented with 3 M cytidine, uridine, thymidine, inosine, guanosine monophosphate, or nucleoside-nucleotide mixture for four weeks. On the fourth week, each mouse was injected lipopolysaccharide intraperitoneally (50 [ug/500 Al) and the incidence of bacterial translocation, caecal bacterial populations, and the ileal histology, noted 48 hours later. Results-The death rate in the control group was 40%/o compared with 10% in the nucleoside-nucleotide mixture and 20% each in the individual components groups, respectively. Bacterial translocation to the mesenteric lymph node did occur in 100% of the surviving mice fed the control diet in comparison with 44Gb (nucleoside-nucleotide), 50%/o (cytidine), 75°/0 (thymidine), 750/o (uridine), 63% (inosine), and 63% (guanosine monophosphate). Histologically, the damage to the gut was more distinct in the protein free diet group. Villous height, crypt depth, and wall thickness in the nucleoside-nucleotide mixture group mean (SEM) (5.01 (0.34); 0-87 (0.14); 0.33 (0.10)), were respectively, higher compared with the protein free diet (3.34 (0.34); 0.61 (0.03); 0.18 (0.04)) group. In the cytidine group, crypt depth (0.86) (0.08)), and wall thickness (0.30 (0.002)) were higher. The same measurements in the components groups tended to be higher than the protein free diet group. Caecal bacterial populations were, however, similar in all groups. Conclusions-These results suggest that dietary nucleosides and nucleotides are essential nutrients for intestinal repair;
and that a mixture of nucleosides and nucleotides or cytidine provide a better response.
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The gastrointestinal tract plays a primary part in the digestion and absorption of nutrients, but it is also essential as a barrier to enteric flora, preventing host invasion by micro-organisms or bacterial endotoxins.1 2 Nevertheless, recent data suggest that under certain clinical and experimental conditions, this intestinal barrier function seems to be impaired leading to the translocation of bacteria or endotoxin to the mesenteric lymph nodes, spleen, liver, and bloodstream, initiating the septic process that perpetrates multiple organ failure.3 Some commercially available parenteral (Aminosyn) and enteral formulas (Osmolite) used for nutritional treatment of critically ill or immunocompromised patients fail to support gut mucosal structure or function. This occurs because the formulas do not contain glutamine, fibre, or nucleic acid components, which are required for normal enterocyte growth or repair after an insult and during periods of critical illness. 4 There are a number of factors that participate in the modulation of the renewal of the absorptive epithelium and in the repair of the gut under abnormal conditions.5 Nitrogen containing substrates seem to be of great importance for gut development. Dietary nucleotides have been described as improving growth in weanling rats fed a low protein diet,6 and as stimulating the in vitro and in vivo growth of intestinal bifidobacteria.7 8 Oral supplementation of total parenteral nutrition with nucleoside-nucleotide mixture prevented the intestinal mucosal atrophic changes in the ileum of rats induced by total parenteral nutrition. 
Diet
The control mice were fed 20% casein diet (nucleic acid free), and the remaining groups of mice were fed protein free diet, or protein free diet supplemented with 3 M guanosine monophosphate (guanosine group), inosine (inosine group) (purines), cytidine (cytidine group), uridine (uridine group), thymidine (thymidine group) (pyrimidines), or a nucleoside-nucleotide mixture (nucleosides-nucleotide group) per kg diet throughout the investigation. The mixture (Otsuka Pharmaceutical Factory, Tokushima, Japan) was developed to compensate for a decrease in the intrinsic pools of purines and pyrimidines because of the increased enzyme activity in salvage under various abnormal conditions.25 It consisted of inosine (8 g/l), guanosine monophosphate (12.2 g/l), cytidine (7.3 g/l), uridine (5.5 g/l), and thymidine (1.8 g/l) at a molar ratio of 4:4:4:3:1. The diets were made isonitrogenous and isocaloric by adding an appropriate amount of glycine. Table I shows the composition of the diets. The nucleotide content of the control diet and protein free diet was negligible as determined by high performance liquid chromatography. Animals in all the groups were given free access to the food and water. From 10 to 1 1 am every morning, the animals were weighed and food and water renewed.
Bacterial translocation The mice were killed by cervical dislocation and the abdomen was shaved and cleaned with isodine. The skin and the peritoneum of the abdomen were opened with sterile instruments, and the exposed viscera were swabbed with cotton tipped applicator sticks, which were cultured in brain heart infusion broth (Wako Chemical, Tokyo, Japan) to detect any accidental bacterial translocation. The mesenteric lymph node, spleen, liver, and caecum were aseptically removed, and each was placed in tubes containing 3 ml of sterile brain heart infusion broth. The organs were homogenised with Teflon grinders. at room temperature overnight. In the protein free diet group, the villous height, crypt depth, and wall thickness in the individual components groups tended to be higher. Significant difference (p<005) was noted only in the crypt depth and wall thickness in the cytidine group, and crypt depth in the thymidine group (Table II) .
Comparing the control and protein free diet supplemented groups, light microscopy study in the protein free diet group showed pronounced villous atrophy and loss of distinct morphological appearance (Fig 1) . The control and supplemented groups showed uniform villi, regular in shape and of the same size.
Incidence of bacterial translocation Table III shows the incidence of bacterial translocation in all the dietary groups. The incidences of translocation in the mesenteric lymph node and spleen of the surviving mice in the nucleoside-nucleotide mixture, cytidine dietary groups were lower (p<005) than in the protein free diet group. The incidences of translocation were similar among the dietary nucleosides and nucleotides groups. There was no translocation in the control group. Quantitative colony counts and median numbers of viable aerobic and facultative Gram positive micro-organisms recovered from the mesenteric lymph node of the surviving mice in the nucleoside-nucleotide mixture, guanosine groups were significantly lower (p<005) than that of the protein free diet group. The colony counts of micro-organisms recovered from the spleen in the nucleosidenucleotide, uridine, thymidine, and guanosine groups differed significantly (p<005%) compared with the protein free group (Fig 2A) . The colony counts of Gram negative microorganisms in the mesenteric lymph node (nucleoside-nucleotide mixture) and spleens of the nucleoside-nucleotide mixture, uridine, thymidine, cytidine, and guanosine groups were lower (p<005%) compared with the protein free diet group (Fig 2B) . Although supplementation of protein free diet with nucleosides and nucleotides decreased the incidence of bacterial translocation and the number of colony counts of micro-organisms recovered in the mesenteric lymph node and spleen, it did not reduce the number of caecal bacterial populations compared with the protein free diet group (Fig 2A and 2B) . There was no statistical difference between the combined colony counts of Gram negative and Gram positive micro-organisms recovered from the mesenteric lymph node and spleen of surviving mice in the purine (inosine, guanosine) nucleotides and pyrimidine (thymidine, cytidine, and uridine) nucleosides groups, respectively (Fig 3A and 3B) .
Discussion
Since the original description that the small intestine has a limited capacity for de novo synthesis of nucleic acids26 coupled with the rapid rate of cellular proliferation and metabolic activity,27 many investigators9 12 have shown that the absence of nucleotides and nucleosides in the diet may have adverse effects on the gut. We have shown that intraperitoneal and oral administration of nucleosidenucleotide mixture prevented the atrophic changes in the mouse ileum induced by endotoxin in protein deficient mice.17 18 In this study, we further extended our investigations on the role of nucleosides and nucleotides on gut integrity and function on the basis of differential metabolism and utilisation of nucleic acids, nucleosides, and nucleotides.
The feeding of protein deficient mice with the individual components and a balanced mixture of the components after challenge with endotoxin resulted in a profound improvement in the ileal histology and a reduced incidence of bacterial translocation. As shown by light microscopy, animals that received protein free diet alone showed Dietary nucleotides are present in foods mainly in the form of nucleoproteins from which the nucleic acids are liberated in the gut as free nucleotides. The nucleotides are metabolised to nucleosides before absorption through different mechanisms, and incorporated into body tissues, mainly the liver, spleen, bone marrow, and the gUt. 22 mixture.34 3 Our results could not determine the difference(s) between purine nucleotides and pyrimidine nucleosides because there was no significant differences in the ileal histology, caecal bacterial populations, and clearance of translocating micro-organisms. In comparison with the protein free diet group, provision of purine, pyrimidine nucleotides and nucleosides, provided better morphological and functional maintenance or repair of the damaged gut, or both, secondary to protein deficiency and endotoxaemia.
In conclusion, this study supports the concept that dietary purine nucleotides and pyrimidine nucleosides may prevent some of the morphological atrophy secondary to protein deficiency and endotoxaemia; and that a balanced mixture of nucleosides and nucleotides or cytidine would result in an even more protective or reparative effect.
